To determine the level of a single transverse scan of intra-abdominal fat between L1 and L5 vertebrae that best predicts intra-abdominal fat volumes. SUBJECTS: Sixteen male and seven female patients with non-insulin-dependent diabetes mellitus, aged 44±74 y. OUTCOME MEASURES: Volumes and areas from single scans of intra-abdominal fat measured by magnetic resonance imaging with a 1.5 Tesla magnetic ®eld strength. RESULTS: Intra-abdominal fat volumes and masses were calculated from fat areas from eight cross-sectional transverse single scans (nine scans in eight men) of 20 mm thickness. Men and women, respectively, had mean body mass index (BMI) of 27.9 (s.d. 3.0) and 31.6 (s.d. 4.7) kgam 2 , and intra-abdominal fat of 2.3 (s.d. 0.5) and 2.5 (s.d. 0.6) kg. Intra-abdominal fat area of the fourth scan (in the direction of L1 to L5) gave the highest prediction of total intra-abdominal fat both in men (r 0.959, P`0.001) and in women (r 0.973, P`0.001). The intra-abdominal fat area of the third scan gave almost as good a prediction. These third and fourth scans corresponded to L2 and L3 vertebrae. The intra-abdominal fat areas from the sixth and seventh scans, corresponded to the frequently used L4±L5 and had lower correlations with intra-abdominal fat. There were no gender differences in the prediction of volumes from areas of intra-abdominal fat. Intra-abdominal fat areas of the fourth scan explained 93% of variance (SEE 0.14 kg) of total intra-abdominal fat for both genders: intra-abdominal fat (kg) 0.0108 6 intra-abdominal fat area of the fourth scan (cm 2 ) 0.244. CONCLUSIONS: In large studies of intra-abdominal fat, using magnetic resonance imaging (MRI) or computerised tomography scanning, a single intra-abdominal fat area at the intervertebral disc between L2 and L3 vertebrae offers a cheaper, faster and safer method, with high prediction of total intra-abdominal fat volumes and masses.
Introduction
Increased accumulation of the metabolically active intra-abdominal fat, 1 is speculated to be responsible for a variety of metabolic disorders. 2 Scanning methods such as computerised tomography and magnetic resonance imaging (MRI) are increasingly more available for scienti®c research in body composition. Measuring total abdominal fat using scanning methods, requires a series of consecutive images in order to calculate the volume, but it is not practical in studies of large numbers of subjects because it is time consuming, has high costs and represents a risk of exposure to radiation in computerised tomography. Our previous MRI study of twenty women, has shown that a single cut at two thirds the distance between xiphisternum and the anterior iliac crest, at approximately the L2±L3 level in most subjects, gave the highest correlation with intra-abdominal fat volume. 3 The present paper described a novel method for calculating extra-abdominal and intra-abdominal fat volumes from multiple MRI scans, and determined the level of a single transverse scan of intra-abdominal fat between L1 and L5 vertebrae, that best predicts intraabdominal fat volumes. Subjects with non-insulin dependent diabetes mellitus (NIDDM) were studied to extend the scope of intra-abdominal fat accumulation.
Methods

Subjects
Sixteen men and seven women with NIDDM took part in a randomised, double blind 12 week follow up study of the effects of troglitazone (a thiazolidinedione compound, which enhances the effects of insulin in peripheral tissues and the liver) on intra-abdominal fat. Subjects underwent comprehensive physiological assessments, as well as body composition measurements, using a variety of standard techniques, including underwater weighing, anthropometry and MRI. 4 The present paper presents only the analysis of baseline MRI data.
Anthropometric measurements
Measurements were made according to the World Health Organisation standard recommendations. 5 During the measurements, subjects wore a swimming costume and had bare feet. Weight was measured to the nearest 0.1 kg using regularly calibrated scales (Seca, Germany) and height to the nearest 0.1 cm using a wall mounted stadiometer. Body mass index (BMI) (kgam 2 ) was calculated as body weight (kg) divided by the square of height (m 2 ).
Magnetic resonance imaging (MRI)
The tissues of the abdomen were scanned using an MRI machine (General Electric Corporation, Milwaukee, WI, USA) with a 1.5 Tesla magnetic ®eld strength. Spin echo sequences were used with repetition time (TR) of 350 ms and echo time (TE) of 12 ms for the abdomen measurement.
Abdominal fat measurement. A lump of lard (lipid) was placed next to a container of water in the MRI scanner to simulate lipid in adipose tissue (AT) and lean tissue in vivo. The scan was analysed to obtain the threshold value, where only the fat in the lard could be imaged (whilst the imaging of water just disappears). Pilot tests determined the threshold value to be at 300 (arbitrary units) for every subject for subsequent calculations.
Abdominal fat imaging. Four sagittal images of the trunk were scanned to ®nd the vertebral column. To obtain reproducible imaging volumes, the volume of the abdomen was taken to extend from the bottom of the inferior plate of the L1 vertebra to the bottom of inferior plate of the L5 (Figure 1a ). Data were collected from as many 20 mm continuous sections (Figure 1b) as could completely ®t within that interval. This imaging volume approximately corresponds to the levels from xiphisternum to anterior iliac crest in our previous MRI studies, 3 but was more reproducible.
Calculations of intra-abdominal and extra-abdominal adipose tissue and fat volumes. After setting an appropriate threshold value (300 window level) that separates fat (lipid) from lean tissues (water), the volumes of intra-abdominal and extra-abdominal AT were calculated. The number of pixels for total abdominal AT was obtained from the region of interest by encircling the whole abdomen contents with an ovoid line (Figure 1c) . To obtain the number of pixels for intra-abdominal AT, the ovoid line was then reduced to encircle the intra-abdominal contents at the position of the fascial plane, to separate intraabdominal from extra-abdominal AT (Figure 1d ).
The total volumes of intra-abdominal and extraabdominal AT (mm 3 ) were obtained by summing the AT areas in eight transverse scans (or nine scans in eight men) obtained in each subject, and multiplied by 20 mm (slice thickness). The result was then converted to litres of AT volume and then to mass of fat (kg) (assuming AT contains 80% fat, 2% protein, 18% water with negligible minerals, 6 with corresponding densities at body temperature (37 C) of 0.900, 1.34 and 0.993 kgal, 7 giving an average AT density of 0.9255 kgal). Thus, mass of fat was derived from AT by a factor of 0.9255 6 80%.
Statistical analysis
Relationships between the volumes and single areas of intra-abdominal fat were determined using linear regression analysis for each gender separately, and partial correlation in both men and women together, to control for gender. Table 1 shows the characteristics of 16 men and 7 women. Most subjects were overweight with large intra-abdominal fat deposition, as expected in patients with NIDDM. In men, intra-abdominal fat areas were higher in the upper ®ve scans, towards the L1 vertebra, than the lower four scans, towards the L5 vertebra. In women, intra-abdominal fat areas at all scan levels between L1 to L5 vertebra were similar. Men and women had similar amounts of intra-abdominal fat (men: 2.34 kg, women: 2.54 kg). Women had higher BMI (women: 31.6 kgam 2 , men: 27.9 kgam 2 ), greater total abdominal fat mass (women: 6.04 kg, men: 3.90 kg) and more extra-abdominal fat (women: 3.53 kg, men: 1.56 kg). These differences indicate that for a given BMI or abdominal fat, men tend to have higher amounts of intra-abdominal fat and less extra-abdominal fat than women. Table 2 shows the correlations between single intraabdominal fat areas scanned at 20 mm intervals between L1 and L5 vertebrae. Eight cross-sectional images of intra-abdominal fat areas between L1 and L5 were obtained in most subjects, and nine images in eight men with longer trunk. All single areas correlated highly with total amount of intra-abdominal fat (gender adjusted r range 0.80±0.97), but these correlation coef®cients were not statistically different from each other. Intra-abdominal fat areas in the fourth scan (in the direction of L1 to L5) gave the highest correlation with the total amount of fat both in men (r 0.959, P`0.001) and in women (r 0.973, Intra-abdominal fat volumes and areas TS Han et al P`0.001). Correlations between these two variables remained highest when men and women were analysed together, with or without adjusment for gender. Figure 2 shows the close relationship between total intra-abdominal fat mass and intra-abdominal fa areas taken at the fourth scan. Table 3 shows the regression equations to predict fat mass from areas of intraabdominal fat separately for men and women and for boh genders combined. The areas from the fourth scan, explained 93% of variance (SEE 1.4 kg) of the mass of intra-abdominal fat in men and women together. Adjusting for gender in multiple linear regression analysis did not improve the prediction and gender was not a signi®cant factor (data not presented). The gradients and intercepts of the regression lines were not signi®cantly different between the two genders (Table 3) . Intra-abdominal fat areas from the third scan, also correlated well with the total intra-abdominal fat mass. The third and fourth scanning levels in the present study corresponded approximately to the L2 and L3 vertebrae.
Results
Intra-abdominal fat areas from the sixth and seventh levels corresponded to that from the frequently used L4±L5 level for a single image, had lower correlations with intra-abdominal fat mass ( Table 2) .
Discussion
In the present study, after a pilot study, a single threshold (300) was set for all subjects to distinguish fat tissue from other tissues. The most appropriate single threshold value for lipid is scanner and sequence dependent. Thus, our threshold may not apply precisely to other scanners. Measurement errors from individual variation could be minimised if an internal marker is used (for example signal in bladder or subcutaneous fat). Because intra-abdominal fat locates within an almost circular perimeter of the fascial plane (Figures 1c±d) , an ovoid was used to encircle this region of interest for calculations. The coef®cient of variation using this method for repeated calculations was 0.89%, which improved on the previous`hand drawn' method in the earlier MRI study. 3 Measuring total intra-abdominal fat volume is time consuming, requiring many scans and this adds on to the high costs and risk of exposure to radiation in computerised tomography scanning. The present study has shown that in both men and women, the intra-abdominal fat areas in the third (gender adjusted r 0.933; P`0.001) and fourth (gender adjusted r 0.965, P`0.001) scans in the direction of L1 to L5 vertebra, which correspond to the levels of L2 and L3 vertebrae, gave the highest prediction of intraabdominal fat volumes (and thus mass). Single intraabdominal fat areas from the sixth and seventh scan, which correspond to the frequently used L4±L5 level in scanning technique, 8 had lower correlations with the total intra-abdominal fat.
These ®ndings are supported by our recent MRI study of women 3 and that of Abate et al in men, 9 suggesting that a single scan at the intervertebral disc between L2 and L3 vertebrae is valid for estimating total intra-abdominal fat.
In the present study, it was observed that the amounts of intra-abdominal fat in men were higher between the ®rst and the ®fth scans in the direction of L1 to L5, which cover the L2 and L3 vertebrae. There were similar amounts of intra-abdominal fat at all levels between L1 and L5 vertebrae in women. Other studies found similar results with highest amounts of intra-abdominal fat scanned at L2-L3, 9 or at the level of 10±15 cm above the L4±L5 in men, 10 and similar amounts from L4±L5 to 15 cm above L4±L5 in women. 10 Body fat distribution in subjects with NIDDM is known to vary from that in`healthy' individuals. However, Abate et al 9 studied 26 men without and 23 men with NIDDM, and showed no differences between the groups in predicting intraabdominal fat volumes from individual slices. Our conclusions can therefore be applied cautiously to non-diabetic overweight subjects.
Conclusions
The present study employed a novel method for intraabdominal fat calculations. Intra-abdominal fat area from a single transverse cross-sectional scan at the intervertebral disc between L2 and L3 vertebrae is a valid estimate of total intra-abdominal fat volume (and mass), which could be used in studies of large numbers of subjects, to save time and costs, and reduce the risk of exposure to radiation in computerised tomography scanning. * P`0.001, a no differences in gradients or intercepts between men and women; ns not signi®cant; b regression coef®cient; C constant of the intercept; general formula for calculating intra-abdominal fat mass (y) from intra-abdominal fat area at the fourth scan (x): y bx C.
